. Mineral levels of Bali cattle (Bos javanicus) from four different types of land in different rearing areas in Bali, Nusa Penida, and Sumbawa Islands (Indonesia). Biodiversitas 20: 2931-2936. This study aims to prove that the mineral level of Bali cattle in serum is dependent on the origin and raising habitat. Serum samples were collected from three islands in Indonesia, i.e. Bali, Nusa Penida, and Sumbawa. Samples from Bali were further classified into four different areas (i.e. agroforestry, perennial plantation, horticultural plantation, and rice field). Blood samples were collected in the jugular vein without anticoagulant. The contents of macrominerals (Ca, Mg, Na, K, P) and microminerals (Fe, Cu, Zn, Co, Mn) were measured using the flame method in atomic absorption spectrophotometer. The results showed that the level of phosphor (P) macromineral and all microminerals under study were influenced by the origin of cattle. The macrominerals are statistically varied in different cattle raising environments. The same is also valid for all microminerals, with an exception of Fe. All mineral levels under study were statistically equal in male and female Bali cattle. Phosphor macromineral and all microminerals levels were origin and environment-dependent. Supplementation of deficient minerals in a certain area and land type is recommended to improve the performance of Bali cattle.
INTRODUCTION
Knowledge on mineral level of Bali cattle is paramount in the improvement of its production. This breed is purely derived from domestication of wild banteng (Bos javanicus) around 3500 BC in Indonesia (Syed-Shabthar et al. 2013) with no evidence for zebu breed introgression (Mohamad et al. 2012) . These indigenous cattle are most suitable for small farming with low input as well as betteradapted compared to Bos indicus and Bos taurus in Indonesia (McCool 1992; Martojo 2012) . Since it represents around a quarter of cattle population in the country , Bali cattle becomes an important breed in self-sustained beef production of the nation. The breed is indeed well-adapted in that tropical country. It has also superiority in fertility, conception rate, and adaptability to harsh environments (Sutarno and Setyawan 2015) .
Bali cattle are raised mainly in Bali to East Nusa Tenggara. The land condition of this archipelagic provinces is different from each other. We conducted the study in three islands, namely Bali, Nusa Penida, and Sumbawa of Indonesia.
Bali island is mostly covered by mountainous and hilly areas. The chain of mountains extends from west to east. Some mountains are active volcanoes. The island of Bali has a varied topographic surface such as ramps, hills, and highlands. The rainfall is quite high, which resulted in many tropical forests on this island. There is a variegated plant dense forest with hardwood trees and grasses (Distan 2010) .
Nusa Penida consists of Mediterranean brown soil type with limestone base. The calcareous soil is dominant spread throughout the island. Patchy grey-brown alluvial soil is found in the alluvial plain covering around 10% of the island. The dominant vegetation is mangroves in the coastal regions and forest in the hilly areas, interspersed with grass. The island has low rainfall and prolonged dry season, that causes limited vegetation, so most of the island appears as barren fields (Klungkungkab 2018) .
Sumbawa Regency has relatively short rainfall between February and April. The long dry season causes limited vegetation to grow. Sprawling grass tends to turn yellow in the dry season. Sumbawa Island has a lot of lands used for livestock and expanse of pasture/grazing as the development of animal husbandry in the Sumbawa district. Rearing cattle in this place different from most regions in Indonesia. Livestock is not stabled but released on public grazing areas known by the Sumbawa community as "lar" (Kusuma 2018) .
The provision of quality feed is one contributing factor in increasing the productivity of livestock. Growing animals need adequate nutrition to support maximum growth. In this case, the feeding strategy should be adjusted to their needs in terms of both quantity and quality. Conversely, cattle feed shortage can lead to a deficiency disease. The levels of minerals in cattle are the number of minerals consumed, the number of minerals that can be metabolized body and the availability of minerals in the environment should be influencing in the livestock growth (Besung 2013) .
Mineral elements have crucial role in animal production and health. Minerals, in the form of chemical compounds, are naturally available through geological processes in the form of simple salts to very complex silicates (Khan et al. 2007 (Khan et al. , 2008 . Minerals are grouped into macrominerals, i.e. calcium (Ca), magnesium (Mg), sodium (Na), potassium (K), and phosphor (P), and microminerals, i.e. iron (Fe), copper (Cu), zinc (Zn), copper (Co), and manganese (Mn) (Maradal et al. 2004) . Minerals have a special role in ensuring efficient growth, reproduction and immunocompetence in animals (Peres et al. 2001; Moeini et al. 2011) . The concentration of some trace minerals is affected during the transitional period, especially around the time of parturition. Macrominerals are required in the development of bones and teeth and are also found in lipids, proteins, muscle, and tissue, while macrominerals have a great impact on animal's reproductive physiology and its imbalance causes various problems leading to lower reproductive efficiency (Kumar et al. 2011) . Mineral level can also be used for rapid and accurate in-vivo classification of cattle according to organic and nonorganic production type (Rodriguez-Bermudez et al. 2018 ).
International report on mineral level of Bali cattle is not available. It is well-documented that mineral level is dependent on genetic trait (Ahlberg et al. 2014 ) and feed (Adams 1975; Khan et al. 2007; Sath et al. 2013; Manuelian et al. 2017) . Moreover, the interaction within age and species, age and sex, and species and sex have been reported to have significant influence on mineral level (Giuffrida-Mendoza et al. 2007 ). Moreover, (Morgan and Connolly 2013) as well as (Singh and Schulze 2015) described that the level of various minerals in plants depends on the soil structure. Therefore, we would like to prove that the mineral level of Bali cattle in serum is dependent on the origin, raising habitat, and sex. To test this hypothesis, we collect serum samples from three islands in Indonesia, Bali, Nusa Penida and Sumbawa, four different areas, i.e. agroforestry, perennial plantation, horticulture plantation and rice field, and different sex.
MATERIALS AND METHODS

Ethical clearance
This research was accepted in the Ethical Commission for the Use of Animals in Research and Education of the Faculty of Veterinary Medicine, Udayana University, Indonesia with Ref No. 371/UN14.2.9/PD/2019.
Sampling location
Male and female Bali cattle of 8-24 months of age were collected from Bali, Nusa Penida, and Sumbawa Islands of Indonesia (Figure 1 ). Samples from Bali were categorized based on variation of raising environment, i.e. agroforestry, perennial plantation, horticultural plantation, and rice field. Agroforestry cattle raising means the location is close to forest distancing less than 500 meters. Perennial plantation means that cattle raising in multiyear plantation such as coconut, cacao, coffee, or alike. Horticultural plantation means that the cattle are stalled in an environment of horticulture such as bean, corn, vegetables, cassava, or alike. 
Blood samples
The samples were collected following purposive sampling method. One hundred twenty sera of Bali cattle's were collected in Bali from four different land types, i. e. agroforestry, perennial plantation, horticultural plantation, and rice field. The number of samples from each land type was 30. The numbers of samples from Nusa Penida and Sumbawa were 40 and 300. The proportion of male and female in each area and island were 50%. Blood samples were collected in the jugular vein. After proper clotting, the blood samples were centrifuged at 3500 rpm for 15 minutes and the serum samples were stored at -20°C until analyses. Before measurement, serum samples were deproteinized by supplementing trichloracetic acid at a 1:1 ratio. After centrifugation, the content of of macrominerals (Ca, Mg, Na, K, P) and microminerals (Fe, Cu, Zn, Co, Mn) in the supernatant were measured using the flame method of an atomic absorption spectrophotometer (Unicam Solar 939, UK) as previously described (Skalicka et al. 2016 ).
Statistical analysis
All statistical analyses were performed in SPSS 10.0 for Windows. One-way analysis of variance (ANOVA) was performed to compare differences between means.
RESULTS AND DISCUSSION
The average and standard deviation of macro and micromineral levels of Bali cattle from Bali, Nusa Penida, and Sumbawa islands are shown in Table 1 . The result shows that macrominerals level of Ca, Mg, Na, K, and P of Bali cattle were 11.88±3.03, 23.90±2.33, 20.12±3.66, 22.01±5.38 and 5.85±6.94 mg/dL, respectively, while those of microminerals of Cu, Zn, Mn, Fe, and Co were 0.36±0.65, 0.32±0.23, 0.08±0.03, 0.64±0.36, and 1.52±0.96 mg/dL, respectively. Statistical significant difference was in phosphor (P) macromineral, as well as in all microminerals under study (p<0.05). The highest value of phosphor macromineral was in Bali cattle from Bali, while the lowest from Sumbawa. The highest all microminerals were in Bali cattle from Sumbawa, while the lowest from Bali.
The pattern of raising cattle on Bali, Nusa Penida and Sumbawa Islands are different. Cattle that are rearing on the island of Bali and Nusa Penida placed in cages or tied up in a cage. In contrast with cattle on Sumbawa Island, which was released in the pasture which is called "lar" (Kusuma 2018) . Farmers in Sumbawa do not provide the special cage, but the cattle are let loose and give birth in the wild.
The different cattle raising patterns cause different feed. In caged cattle, farmers provide feed regularly as needed. Farmers are looking for grass and legumes for their cows. In extensive cattle raising, the animal feed consists of what available in nature. There are no additional minerals or additional drugs. These conditions would have an impact on the type and quality of the eaten food. The poor quality of feed will affect the body condition and mineral content in blood plasma. Seventy percent of the productivity of Bali cattle, especially for growth and production capacity is influenced by environmental factors. Sixty percent of these environmental factors are feed, nutrient content, and ration formulation technology. This shows that the ability of Bali cattle to absorb nutrients greatly affects their productivity (Bianca et al. 2018) .
Mineral elements are very needed for physiological processes of livestock, especially in ruminants whose feed sources are forage (Darmono 2007) . The tendency of farmers to raise Bali cattle, provide feed to their livestock, with food sources in their environment will affect the levels of minerals in the body of animals (Sujani et al. 2014) . When cattle are traditionally maintained by grazing and only getting the feed from grasslands, the availability of minerals in the soil and animal feed grass needs to be considered. Provision of additional minerals to ruminants that live in areas with mineral-poor soil needs to be done. Leguminosae has a relatively high mineral content (Prabowo et al. 1984) .
Macromineral (Ca, Mg, Na, K, and P) concentrations in the serum of Bali cattle raised in different environment, i.e. agroforestry (AF), perennial plantation (PP), horticultural plantation (HP) and rice field (RF) are illustrated in Figure  2 . Cattle raised in ricefield have the lowest concentration of Ca, Mg, K, and P, while Na value was statistically indifferent in all land type. The Ca, Mg, and K concentrations were indifferent in agroforestry, perennial plantation, and horticultural plantation. The ricefield is overharvested that leads to low concentration of some minerals such as Ca, Mg, K, and P. This needs to be studied further. The cattle raised in the agroforestry have statistically the highest phosphor level, while those raised in perennial plantation and horticultural plantation were statistically equal.
Micromineral (Cu, Zn, Mn, Fe, and Co) concentrations in the serum of Bali cattle raised in different environment are presented in Figure 3 . The concentration of Fe is statistically indifferent in all land types. The level of Cu was the lowest in horticulture plantation, while others are statistically equal. The Zn level was highest in horticulture plantation, the lowest in rice field, while the other raising environments are equal. Mn was lower in AF and RF and higher in PP and HP, while the level of mineral in both AF-RF and PP-HP are statistically insignificant. The highest Co level was in serum of cattle from horticulture plantation, while from other environments were statistically equal. The level of macromineral and micromineral concentrations in the serum of Bali cattle of different sexes are presented in Figure 4 . No significant differences in all mineral concentrations in male and female Bali cattle.
Here we provide mineral level database of Bali cattle for scientifically sound improvement of its performance. The result is valuable in the management of mineral in the feeding of the animal, particularly what minerals are missing in particular island or cattle raising environment. We previously have published the hormonal level of this unique cattle breed (Suwiti et al. 2017) . We found that the level of bovine growth hormone in Bali cattle was low and statistically equal from all origins, and that the difference was related to sex and management practices (Suwiti et al. 2017) . In this study, we hypothesized that the mineral level is dependent on the islands and land type. That is particularly valid for phosphor (P) macromineral as well as all microminerals. The macrominerals are statistically varied in different cattle raising environments. The same is also valid for all microminerals, with an exception of Fe. It seems that phosphor macromineral is of high concentration from feed in Bali, however, it has low concentration of all microminerals. The land type has influenced the mineral level for macromineral Ca, Mg, K, and P, as well as all microminerals, with an exception of Fe. Agroforestry is rich on phosphor macromineral, while rice-field environment is poor on Ca, Mg, K, P, and Zn. The horticultural environment is deficient in Cu. Moreover, all mineral levels under study were sex-independent.
Mineral balance is the issue in the supplementation of mineral in the feeding. Many microminerals play a role in the body as cofactors of enzymes involved in controlling free radicals within the body and are vital to antioxidant capabilities (Goff 2018) . Those same minerals, when consumed in excess, can become pro-oxidants in the body, generating destructive free radicals. Complex interactions between minerals can compromise the effectiveness of a diet in promoting health and productivity of the cow (Goff 2018) . Other group reported that supplementation of some minerals (Ca, P, Zn, Mn, and Cu) might have minor effect on the performance of Bali cattle as it has been proven in dairy cattle Nellore cattle (Prados et al. 2017 ). This research might have been done without any knowledge on the database of mineral level in the animal. Spears (Spears 1995) recommended supplementation of trace mineral to improve cattle health. However, the effect of trace mineral supplementation, for example, Selenium (Se) which is not measured in our study, depends on physiological stage, Se status of animals, type and content of Se and types of Se administration (Mehdi and Dufrasne 2016) .
Another minor finding of our study is that sex has no influence on mineral level. Therefore, it is certain that the mineral level largely depends on genetic (Ahlberg et al. 2014 ) and feeds (Adams 1975; Sath et al. 2013; Manuelian et al. 2017) . It has been known that minerals and trace element content varies in cattle feeds (Adams 1975) A weakness of this study might have been the choice of serum the detect all mineral level. Another researcher, (Herold et al. 2018) , suggested the use of fecal samples to detect Ca, P and Mg intake, while urine is the best substrate for Na and K.
In conclusion, the macrominerals are statistically varied in different cattle raising environments. The same is also valid for all microminerals, with an exception of Fe. Phosphor macromineral and all micromineral levels were origin and environment-dependent. Supplementation of deficient minerals in a certain area and land type is recommended to improve the performance of Bali cattle. Further research is needed to compare the level of various minerals in serum to fecal and urine samples.
